INTRODUCTION
Pullulan, an extracellular a-glucan produced by the yeast-like fungus Aureobasidium pullulans, may be described as a poly(a-maltotriose), the terminal residues of the trisaccharide being linked by 1,6-a-bonds (Wallenfels et af., 1965). The rate of polysaccharide elaboration varies considerably at different points in the growth cycle (Catley, 1973) , the maximum rate appearing to coincide with the production of blastospores. Thereafter, even in the presence of glucose, there is a considerable reduction in the rate of elaboration. These observations pose the questions of what controls the stimulation and inhibition of pullulan production and whether this polymer is exclusively associated with a particular morphological form of the organism. Disturbances of the normal series of morphological changes, as a result of ethidium bromide mutagenesis, suggested that the major producer of pullulan is the yeast form (Kelly & Catley, 1977) , although the possibility that hyphae may also contribute was not excluded. The purpose of the study described in this communication was to determine whether the newly produced blastospores are the sole sources of pullulan production or whether the stimulus that is responsible for spore production might also initiate polysaccharide elaboration in the parental budding hyphae. 
METHODS

Growth
Short communication
through sterilized nylon mesh (45 pm pore size, supplied by Henry Simon Ltd, Stockport). The residual mycelial mat was briefly washed with supernatant culture fluid (prepared by centrifugation at 25000 g for 10 min at 20 "C) and resuspended within 30 s in a volume of the same fluid equal to that of the unfractionated sample. The two preparations, filtrate and resuspended mycelium, represent populations of single and hyphal cells at their original concentration and in their original environment. These were checked for crosscontamination by microscopy. The only change made to the environment was an adjustment of the p H to 5, because pH is known to affect the rate of pullulan production (Catley, 1971; Ono et ul., 1977) .
Analytical methods. Cell dry weights and numbers were determined as described previously (Kelly & Catley, 1977) .
The rates of extracellular polysaccharide production and cellular glucose utilization were measured by the addition of ~-[U-~~C]glucose (0-2pmo1, 92.5 kBq) to the fractionated cells followed by assay of the celiular uptake and polymer excretion as described previously (Catley, 1973) . Uptake or elaboration rates were measured hourly over a period of 4 h and were linear. Each rate is therefore based on four l42 analyses, Cells were maintained at pH 4.5 to 5 throughout the above measurements by titration with 2 M-NaOH or 2 M-HCI.
RESULTS
The ability of the organism, fractionated into mycelium and single cells, to elaborate extracellular polysaccharide over the major period of the growth cycle is recorded in Table 1 . At each of the three sampling points of the cycle, and whatever the proportion of mycelium to spores, the single cells were more efficient in elaborating pullulan than the hyphal cells despite considerable differences in the rates observed across the growth cycle as a whole.
Typical concentrations of the two forms of cells derived from different amounts of blastospore inoculum are presented in Table 1 . Further corroborative evidence that pullulan is primarily, but not necessarily exclusively, elaborated by the single-celled form is seen in the yield of polysaccharide derived from the two cultures (Table 1 ). The yield in the predominantly single-celled culture was some 4.5 times higher at 72 h than that in the culture derived from the larger inoculum and containing a greater hyphal population.
DISCUSSION
The observation that the maximum rate of pullulan production appears to coincide with one of the morphological transitions of A. pullulans raises the question as to whether there is some signal common to both the stimulation of polysaccharide production and the onset of blastospore production, or whether the ability to produce pullulan resides solely in the newly formed spores and not in the parent mycelium. Environmental factors that stimulate morphological change are numerous and have been described not only for A. pullulans (Brown, 1965;  Ramos & Garcia Acha, 1975) but also for other species, e.g. Mycotypha (Hall & Kolankaya, 1974) , Candida albicans (Shepherd & Sullivan, 1976) and Histoplasma capsulatum (Maresca et al., 1977) . However, the mechanisms by which these factors determine the timing and extent of morphological change are not clear. They may derive from the exhaustion of a nutritional component or its removal to the extent of falling below some threshold level, perhaps related to the Km of the uptake process.
Alternatively, they may result from the accumulation of an extracellular or intracellular metabolite. To avoid the unnecessary introduction of stimuli, thus allowing the organism to proceed through the pattern of events comprising the growth cycle normally studied in these investigations, the fractionated cells were either maintained in, or rapidly restored to, the environment experienced at the time of harvesting. This contrasts with the previous investigation (Catley, 1973) where unfractionated cells were resuspended in a defined uptake medium, the composition of which did not reflect the environment generated by the cells. Nevertheless, the various excretion rates measured under the present circumstances are comparable with those obtained previously where a maximum value of 0-8pmol glucose equivalent (mg cell dry wt)-lh-f was recorded. It is also clear that whereas blastospores are the major producers of pullulan, the hyphae are equally capable of elaborating the polysaccharide, though with less efficiency measured as a capacity related to cell mass. Indeed, the hyphae are capable of producing pullulan in phases of the growth cycle preceding the appearance of spores (Table 1 ). This suggests that the act of commitment by the hyphal cell to produce spores is contemporary with the onset of pullulan excretion, though these two events may not be derived from the same trigger. The use of hyphal biomass as a measure of actively metabolizing cell mass may be misleading. For example, in Neurospora crassa and Mucor rouxii, most metabolic activity relating to cell wall synthesis is thought to be located at the hyphal tip (Bartnicki-Garcia, 1973; Gooday, 1977) . If there is any similarity between these examples and A. pullulans, then to include the remaining major but less active portion of the cell mass may not provide an objective assessment of the ability of hyphal cells to produce pullulan, for this polysaccharide, too, may have a biosynthetic mechanism localized with those of the cell wall pol ysaccharides.
Ramos & Garch Acha (1975) observed that by reducing the concentration of spores in the inoculum to less than 66 ml-l, A. pullulans yielded exclusively mycelium. The present investigation shows that continued growth derived from this low inoculum subsequently yields a greater concentration of spores, and a greater spore to mycelial weight ratio, than in those cultures inoculated with a larger number of spores. The concentration of pullulan in cultures after 72 h growth is some 4.5 times greater in those where the spore is the major morphological form (Table 1) . Variants of A. pullulans (produced by ethidium bromide mutagenesis) that grow in a predominantly yeast-like form also show enhanced production of pullulan (Kelly & Catley, 1977) . Whatever the reason for the production of pullulan by A. puiIuiuns there is now substantial evidence that whilst the yeast-like form might not be the only morphological variant to produce pullulan, it appears to be the major one.
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